Objective: There is limited information regarding the effects of short (o10 min) bouts of activity on postprandial lipaemia and no studies are available regarding the effects of short bouts of activity on postprandial lipaemia in obese men. The objective of this study was to compare the effects of accumulating ten, 3-min bouts of exercise versus one 30 min bout of exercise on postprandial serum triacylglycerol (TAG) concentrations in obese men. Design: Each subject completed three 2-day trials at least 1 week apart in a randomized, repeated-measures design. On day 1, subjects rested (no exercise) or cycled at 60% of maximum heart rate in either ten, 3-min bouts (30 min rest between each), or one continuous 30-min bout. On day 2 of each trial, after an overnight fast, the subjects consumed a standardized test meal for breakfast. Venous blood samples were obtained in the fasted state (0 h), and 2, 4 and 6 h postprandially on day 2. Subjects: Eight sedentary men (age: 27±2 years) with body mass index between 25 and 37 kg/m 2 . Measurements: Postprandial TAG, non-esterified fatty acids, 3-hydroxybutyrate, insulin and glucose were determined. Results: Total area under the postprandial serum TAG concentrations versus time curve was 18% (P ¼ 0.042) and 15% (P ¼ 0.032) lower throughout day 2 of both the accumulated exercise trial and the continuous exercise trial, respectively, compared with the control trial with little difference between exercise trials. Conclusion: At 30 min of moderate cycling (0.87 MJ per 30 min) accumulated in short bouts is equally effective in reducing postprandial serum TAG concentrations as one continuous 30 min bout of cycling in obese men.
Introduction
Physical activity recommendations advise that adults should engage in moderate-intensity physical activity for a minimum of 30 min on 5 or more days of the week. 1, 2 The novel aspect of these reports was that the activity can be accumulated through a minimum of 10 min per bout to attain 30 min or more for general health benefit. The rationale behind the concept of accumulation for health is based on the assumption that the activities reported in many epidemiological studies are intermittent in nature (that is, walking, stair claming, gardening, occupational work). 3 However, if total energy expenditure is the most important factor for health benefits and a reduction in coronary heart disease, 4 as is suspected, 3 then the duration of each bout of exercise should not matter provided that sufficient energy is expended in total. This issue is important to examine, because the partitioning of exercise sessions into multiple short bouts throughout the day may be easier to fit into everyday life as a previous study indicates that even people who follow the recommended physical activity guidelines of 30 min on most if not all days of the week 3 do not exercise continuously for 10 min at a time. 5 The effectiveness of accumulating short bout of exercise to reduce postprandial lipaemia (it is considered an emerging risk factor for cardiovascular disease 6 (CVD)) has been examined in previous studies. [7] [8] [9] [10] [11] [12] Four studies have reported that the reduction in postprandial triacylglycerol (TAG) concentrations was comparable for accumulated (bouts lasting 3-30 min each bout) versus an equivalent volume of continuous activity [9] [10] [11] or even greater with accumulated (bouts lasting 10 min each bout) versus an equivalent volume of continuous exercise. 7 Although all four studies have provided support for the concept of accumulation, the acute effects of accumulating exercise in bouts shorter than 10 min per session throughout the day on postprandial TAG concentrations in obese individuals has not been determined. It is important to address this issue as the subjects in previous studies, 7, 9, 11 with exception of one study, 10 were healthy individuals. Thus, the findings needs to be generalized, to less active, overweight/obese individuals at more risk of CVD because perturbations in TAG concentrations following meals are more likely to be exaggerated in such individuals compared with their healthy peers. [13] [14] [15] Therefore, the purpose of the present study was to compare the effects of accumulating ten, 3-min bouts of cycling throughout a single day with those of one 30-min bout of cycling on postprandial TAG concentrations after a meal of moderate-fat content in obese men. An exercise volume of 30 min was chosen as this is consistent with current guidelines regarding physical activity and health. 1, 2 Furthermore, previous studies have shown that this duration 11 and volume 16 of exercise performed both continuously (one, 30-min bout) and intermittently (10, 3-min bouts) is equally effective in reducing postprandial plasma TAG concentrations in young healthy men. Cycling was chosen because it is a low impact form of exercise and therefore suitable for heavy individuals to reduce joint stain and hence the risk of injury.
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Methods
Subjects
After approval from the University of Tsukuba Ethics Committee, eight Japanese obese males aged 22-35 years gave their written informed consent to participate in this study. The present study defined obesity as a body mass index (BMI) of 25 kg/m 2 and above. 18 The rationale behind this definition of obesity is based on findings that although the prevalence of obesity (defined as BMI of 30 kg/m 2 and above) is only 2-3% in Japan compared with 10-20% in Europe and North America, obesity-related health risk increases at BMI levels even lower than 30 kg/m 2 in a Japanese population. 18 All subjects were non-smoking and were not taking any medication known to influence lipid metabolism. They were also sedentary, not complying with current physical activity recommendations, 1,2 and had been weight stable (±2.5 kg) for at least 3 months before the study. Mean ( ± s.e.m.) values for the subjects' age, height and weight were 26.5 ± 1.5 years, 172.9 ± 2.5 cm and 86.3±5.0 kg, respectively. Mean values for the subjects' BMI, waist circumference, systolic blood pressure and diastolic blood pressure were 28.9 ± 1.4 kg/m 2 , 89.2±3.1 cm, 131±4 and 82±5 mm Hg, respectively. All applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
Study design
After preliminary testing, each subject underwent three 2-day trials: an accumulated exercise trial, a continuous exercise trial and a control trial. At 2-day, trials were used because skeletal muscle lipoprotein lipase activity is thought to peak48 h after exercise 19 and this enzyme facilitates the removal of TAG form the blood. 20 There was a 7-day gap between each trial and trials were performed in a randomized design.
Preliminary exercise tests At 7 days before the first trial, each subject attended the laboratory for a submaximal-incremental exercise test performed on a cycle ergometer (Monark Exercise AB, Ergomedic 874E, Vansbro, Sweden). This test was to determine the steady-state relationship between power and heart rate. The test was 16 min in duration and was continuous in nature but was divided into four, 4 min stages. The initial power was set between 25 and 30 W depending upon each subject's activity level. The power was increased by 25 or 30 W at the end of each 4 min period depending upon each subject's activity level. The cadence was maintained at 60 r.p.m. and heart rate was monitored throughout the test using shortrange telemetry (Polar RS400, Kempele, Finland). Ratings of perceived exertion were assessed during the last 30 s of each incremental test using the Borg scale. 21 At the end of the test the power at each stage was plotted against heart rate to illustrate the power and heart-rate relationship. This regression line was used together with each subject's predicted maximal heart rate (220-age) to estimate the power eliciting 60% of predicted maximal heart rate. This power was used in the exercise sessions of the main trials.
Main trials: day 1 On the accumulated exercise trial the subjects reported to the laboratory at 0900 hours having eaten breakfast. The subjects then performed 10, 3-min bouts of cycling throughout the day. A 30-min rest interval followed each bout. On the continuous exercise trial, the subjects reported to the laboratory at 1430 hours having eaten lunch. The subjects then performed one 30 min bout of cycling from 1500-1530 hours. For both of these trials, the exercise was completed at 1530 hours so that the time interval between the cessation of exercise and the consumption of the test meal (on the following day) was the same (that is, 17 h). For the exercise trials, the exercise intensity for the cycling was 60% of maximum heart rate as determined by the preliminary exercise tests. Heart rate was measured every 15 s at 2-3 min of each bout in the accumulated exercise trial or 4-5, 9-10, 14-15, 19-20, 24-25 and 29-30 min during exercise in the continuous exercise trial using short-range telemetry. The subjects were blinded to their heart rate so as not to influence to their ratings of perceived exertion. Ratings of perceived exertion were assessed simultaneously with the Accumulating exercise and postprandial lipaemia M Miyashita heart rate measurements during the exercise. The cadence was maintained at 60 r.p.m. Energy expenditure was estimated using the subject's body mass, heart rate and power. 17 On the control trial the subjects refrained from exercise.
Main trials: day 2
In each trial, the subjects reported to the laboratory at 0800 hours after an overnight fast of at least 10 h (no food or drink except water). A fasting venous blood sample was collected in a seated position by venipuncture at 0830 hours. The subjects then consumed a standardized test meal for breakfast. A clock was started when subjects began eating, and they were required to rest (sitting reading, writing, working at a computer or watching television) in the laboratory for 6 h following the initiation of breakfast. Further venous blood samples were collected at 2, 4 and 6 h after the start of the test meal for the measurement of serum TAG, nonesterified fatty acids (NEFAs), 3-hydroxybutyrate (3-OHB), insulin, and plasma glucose.
Standardization of diet and exercise
The subjects weighed and recorded all food and drink consumed during the day before each trial and on day 1 of each trial. The subjects refrained from drinking alcohol during this period. The subjects were asked to replicate their dietary intake from the first trial on their subsequent trials. Food diaries were analysed using computerized software (Excel Eiyou-kun version 4.0, Kenpakusha, Tokyo, Japan) to determine caloric intake and macronutrient content. In addition, the subjects were asked to remain inactive on the day before day 1 of each trial and throughout the main trials (other than the exercise performed as part of the experiment). The subjects were also asked to wear a threedimensional pedometer (FB-720, Tanita Corporation, Tokyo, Japan) during the day before each trial and on day 1 of each trial, except the exercise performed as part of the experiment and sleep, for the measurement of steps.
Test meal
The test meal consisted of white bread, sliced cheese, butter, mayonnaise, lettuce, tomato, ham, whole milk, cocoa powder, and yogurt. The meal was prescribed according to body mass and provided 0.35 g fat, 1.17 g carbohydrate, 0.29 g protein and 37 kJ energy per kilogram body mass. The macronutrient content of the test meal was 30.2 ± 1.7 g fat, 101.0 ± 5.8 g carbohydrate and 25.0 ± 1.4 g protein that provided 3.23±0.16 MJ energy (energy derived was 35% from fat, 52% from carbohydrate and 13% from protein). The subjects were asked to consume the test meal within 20 min. The time taken to consume the test meal was recorded and replicated in subsequent trials. The time taken to consume the test meal was 10.5 ± 0.9 min. None of the subjects reported nausea or any gastrointestinal discomfort during or after the meal. The subjects consumed water ad libitum during the first trial, and the pattern and volume ingested was replicated in subsequent trials.
Analytical methods
For serum TAG, NEFA, 3-OHB and insulin measurements, venous blood samples were collected into 10-ml syringes and were then transferred into tubes containing clotting activators for isolation of serum. Thereafter samples were allowed to clot for 30 min at room temperature and then centrifuged at 1861 g for 10 min at 4 1C. Serum was removed, divided into aliquots, and stored at À35 1C for later analysis. For plasma glucose measurements, venous blood samples were collected into 10-ml syringes and were then transferred into tubes containing sodium fluoride and EDTA. Thereafter samples were immediately centrifuged and treated as above. TAG (Pure Auto S YG-N, Daiichi Pure Chemicals Co. Ltd, Tokyo, Japan), NEFA (NEFA-SS Eiken, Eiken Chemical Co. Ltd, Tokyo, Japan), 3-OHB (KAINOS 3-HB, KAINOS Laboratories, Inc., Tokyo, Japan) and glucose (Melcriauid Glu kit, Kanto Chemical Co. Inc., Tokyo, Japan) concentration were determined by enzymatic, colorimetric methods. Insulin was measured by enzyme-linked immunosorbent assay (Mercodia Insulin ELISA, Mercodia AB, Uppsala, Sweden). All samples from the same individual were assayed in a single run. Intra-assay coefficients of variation were 1.2% for TAG, 1.3% for NEFA, 4.1% for 3-OHB, 3.2% for insulin and 2.5% for glucose.
Calculations and statistical analysis Data were analysed using the Statistical Package for the Social Science software version 16.0 for Windows (SPSS Japan Inc, Tokyo, Japan). Prior to analysis, all data were checked for normality of distribution using the Shapiro-Wilk test and, if necessary, logarithmically transformed. The total area under the 6 h variable versus time curves (AUC) were calculated using the trapezium rule. The incremental AUC were calculated using the same method after correcting for fasting (0 h) concentrations. Student's t-tests for correlated data were used to compare physiological responses between exercise trials (estimated energy expenditure, percentage of maximal heart rate, heart rate, ratings of perceived exertion and power). One-factor analysis of variance (ANOVA) with repeated measures was used to examine differences among the three trials for fasting plasma or serum concentrations, AUC values and step counts. Two-factor ANOVA with repeated measures was used to examine differences among the three trials over time for plasma or serum constituents. Where a significant interaction was detected, post hoc pairwise comparisons were performed using the Bonferroni method. Statistical significance was accepted at the 5% level. Data are presented as mean ± s.e.m.
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Results
Responses during cycling
Exercise data are shown in Table 1 . There were no significant differences between exercise trials in the estimated gross energy expenditure or relative exercise intensity. Mean values for heart rate and ratings of perceived exertion were significantly higher on the continuous trial compared with the accumulated trial. Mean values for work rate were significantly lower on the continuous trial compared with the accumulated trial.
Dietary and step counts data Analysis of food diaries revealed that energy intake did not differ significantly in the 48 h preceding day 2 of each trial. Energy intake for the day prior to the trials and for day 1 of the trials were 10.1 ± 0.7 MJ (energy was derived 29 ± 4% from fat, 56±4% from carbohydrate and 15±1% from protein) and 10.4 ± 0.6 MJ (energy was derived 27 ± 3% from fat, 52 ± 5% from carbohydrate and 21 ± 7% from protein), respectively. There were no significant differences in step counts in the 48 h preceding day 2 of each trial.
Step counts for the day prior to the accumulated exercise, continuous exercise and control trials were 6455±1192, 5456±1084 and 6532 ± 1330, respectively.
Step counts for day 1 of the accumulated exercise, continuous exercise and control trials were 4553±582, 6158±820 and 5866±892, respectively.
Plasma/serum concentrations in the fasted state Fasting plasma and serum concentrations on day 2 of each trial are shown in Table 2 . One-factor ANOVA revealed that there were no significant differences among trials in fasting serum TAG, NEFA, 3-OHB, insulin and plasma glucose concentrations.
Plasma/serum concentrations in the postprandial state Postprandial serum TAG concentrations on day 2 of each trial are shown in Figure 1 . Two-factor ANOVA revealed significant main effects of trial (P ¼ 0.010) and time (P ¼ 0.002) and a significant interaction (P ¼ 0.005). Serum TAG responses were lower on the exercise trials compared to the control trial (post hoc tests; accumulated exercise trial compared with control trial, P ¼ 0.039; continuous exercise trial compared with control trial, P ¼ 0.031) with little difference between the accumulated and continuous exercise trials. The postprandial TAG total and incremental AUC are given in Table 3 . One-factor ANOVA revealed there was a main effect of trial for both of these variables. Post hoc tests showed that the TAG total AUC was 18% (P ¼ 0.042) and 15% lower (P ¼ 0.032) on the accumulated and continuous exercise trials, respectively, compared with the control trial. Post hoc tests also showed no significant between-trial Accumulating exercise and postprandial lipaemia M Miyashita differences for the TAG incremental AUC, but the values tended to be lowered in the exercise trials (accumulated exercise trial compared with control trial, P ¼ 0.052; continuous exercise trial compared with control trial, P ¼ 0.125) compared with the control trial. There were no significant differences in the postprandial TAG total and incremental AUC between exercise trials. Postprandial serum NEFA, 3-OHB, insulin and plasma glucose concentrations on day 2 of each trial are shown in Figure 2 . Two-factor ANOVA revealed that there was a main effect of time for NEFA (Po0.0005), 3-OHB (P ¼ 0.045), insulin (P ¼ 0.001) and glucose (Po0.0005). For 3-OHB there was a main effect of trial (P ¼ 0.024). Post hoc tests revealed no significant between-trial differences for postprandial serum 3-OHB concentrations, but the values tended to be higher in both exercise trials (accumulated exercise trial compared with control trial, P ¼ 0.059; continuous exercise trial compared with control trial, P ¼ 0.119) compared with the control trial. For insulin there was a main effect of trial (P ¼ 0.046). Post hoc tests revealed no significant betweentrial differences for postprandial serum insulin concentrations, but the values tended to be lower in both exercise trials (accumulated exercise trial compared with control trial, P ¼ 0.153; continuous exercise trial compared with control trial, P ¼ 0.237) compared with the control trial.
Discussion
The main finding of the present study is that accumulating 30 min of cycling in short (3 min) bouts is equally as effective in reducing postprandial serum TAG concentrations as one continuous 30 min bout in obese men. These findings suggest, but do not prove, that accumulating short bouts of activity may be an effective intervention against CVD and this is important as activities that are intermittent in nature often involve bouts lasting less than 10 min. 5 Previous studies have compared the effects of accumulated/intermittent exercise (bouts lasting 10-30 min each bout) with an equivalent volume of one continuous exercise on postprandial TAG concentrations. 7, 9, 10 The reduction in postprandial TAG concentrations with both patterns of exercise demonstrated in the present study is consistent with the findings of previous studies employing young, active individuals 9 and middle-age, sedentary individuals. 10 To our knowledge, the present study is the first to examine The present findings are also consistent with the findings of previous studies that a prior single bout of exercise reduces postprandial TAG concentrations in overweight/obese men 22, 23 and overweight/obese men with other CVD risk factors. 24, 25 Furthermore, the present findings extend the findings of the previous studies by demonstrating that 30 min of moderate-intensity cycling (0.9 MJ), as previously demonstrated for 90 min moderate-intensity walking (2.8 MJ), 22 (3.7 MJ), 23 60 min of moderate-intensity running (2.6 MJ) 24 and 60 min of moderate/high-intensity running (1.8-3.0 MJ), 25 performed the day before the test meal is effective at lowering postprandial TAG concentrations. The high volume of exercise used in the previous studies is not surprising because an increase in caloric expenditure through exercise is a general principle of exercise recommendations for obese individuals. 17 However, the volume of exercise performed in the present study may be attractive to obese individuals for the early stage of their exercise initiation.
In the present study, there are two potential mechanisms underlying the reduction of postprandial TAG concentrations in the exercise trials relative to the control trial. One is increased activity of the enzyme lipoprotein lipase located in the capillaries supplying skeletal muscle which might enhance the uptake of TAG into the previously exercised muscle. 19 The other mechanism is a reduced rate of hepatic very low-density lipoprotein (VLDL)-TAG secretion. 26 It is difficult to tell which of these mechanisms predominates in the present study. NEFAs concentrations did not differ among trials in the present study suggesting that substrate delivery to the liver for TAG synthesis and secretion in VLDLs was not different among trials. However, there was a tendency for elevated postprandial serum 3-OHB concentrations in the exercise trials and this indicates that NEFA were being oxidized rather than esterified in the liver, thus reducing the availability of TAG for incorporation into VLDL. In contrast, the tendency for lower postprandial serum insulin concentrations in the exercise trials may suggest reduced insulin mediated inhibition of skeletal muscle lipoprotein lipase activity and thus enhanced TAG clearance at this site.
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For consistency with the current guidelines regarding physical activity and health, 1,2 the present study employed moderate levels of activityFboth exercise intensity and exercise volume in this study are consistent with the guidelines. This is clearly demonstrated by the low heart rate, ratings of perceived exertion, and estimated energy expenditure of 0.84 MJ elicited by the exercise. In addition, accumulated bouts were separated by 30 min in the present study in contrast to 3-4 h in previous studies. 9,10 A 30 min rest interval was chosen because these intervals may more closely resemble lifestyle activities (that is, cycle/walk to/off a post office, shop, bus stop and so on), and frequent increases in muscle blood flow through multiple short bouts of exercise may enhance exposure of TAG to skeletal muscle lipoprotein lipase for reducing TAG concentrations. However, the subjects in the present study were young males. Thus, the findings may not be applicable to the public at large. Nonetheless, one study which supports the notion that the findings of the present study are applicable to the general public is that of Murphy et al. 10 Their study demonstrated that 30 min of brisk walking equivalent to 60% of maximum oxygen uptake accumulated throughout the day (10 min Â 3) or in one continuous session (30 min), performed by sedentary middle-aged individuals reduces postprandial plasma TAG concentrations measured over a 12-h period compared with a control trial. The reduction of postprandial TAG concentrations was comparable in both exercise trials as is the case in the present study. On the basis of the present findings this study provides further support for the concept of accumulation 1,2 and suggests that multiple short bouts of activity are also likely to be effective for health benefits at least in the case of postprandial lipaemia.
Most studies examining postprandial TAG responses following exercise have employed a meal of high-fat content (over 60% total energy) (for a review of these studies see Gill and Hardman 27 and Petitt and Cureton
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). In the present study, a meal of moderate-fat content (35% total energy) was used to assess postprandial metabolism in response to exercises. The aim was to more accurately mimic a real life situation where the macronutrient composition of the test meal reflects the background diet consumed in over onethird of Japanese adults (38% of Japanese adults aged between 20 and 29 consumed daily meals containing over 30% of energy as fat), 29 and this is also shown by a 2-day diet recorded by some subjects in the present study. In agreement with previous studies using a meal(s) of moderate-fat content to examine the effect of exercise on postprandial TAG concentrations, 30 ,31 the present study found that both patterns of moderate exercise are effective in reducing postprandial TAG concentrations after a meal of moderatefat content in obese men. Thus, the findings of the present study may be applicable to the usual postprandial state in a real life situation. In the present study exercise was performed the day before postprandial testing rather than on the same day as postprandial testing. This is because such time interval may provide adequate time for maximizing skeletal muscle lipoprotein lipase activity, leading to lowered postprandial TAG concentrations. It is worth mentioning, however, that it has been suggested that only recent exercise appears to exercise-induced suppressive effect on postprandial TAG concentrations is reduced by a short-period of detraining. 34, 35 In respect to long-term exercise for health, taken together these emphasize the important role of regular physical activity for enhancing postprandial lipid metabolism through its role in weight control. Therefore, additional research is required to determine whether multiple short bouts of activity, performed on the same day as test meal(s) are consumed, is effective in lowering postprandial TAG concentrations. In summary, the findings of present study demonstrate that in obese men, postprandial serum TAG concentrations are reduced to a similar extent when 10, 3-min bouts of cycling are performed during the course of a day compared with one continuous 30 min bout of cycling. These findings suggest thatFas far as physical activity guidelines for health are concernedFthe duration of each activity bout may be unimportant for lowering at least postprandial TAG concentrations providing that sufficient energy is expended throughout the day. Further study is required to determine if exercise-induced reductions in postprandial lipaemia demonstrated in the present study also occur in other populations (that is, women, older age groups).
